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STRESZCZENIE PRACY

Trzustka jest narzadem posiadajgcym  stabo  rozwinigty  system
antyoksydacyjny. Spadek stgezenia Zn w poroéwnaniu do miedzi skutkuje nasileniem
stresu oksydacyjnego i1 dziataniem prozapalnym. Obserwowany stres oksydacyjny
W przebiegu stanu zapalnego tego narzadu jest dodatkowo potegowany przez wolne
rodniki dymu tytoniowego. Neutralizacja stresu oksydacyjnego zalezy od
funkcjonowania antyoksydantéw, takich jak MT 1 SOD, ktére dziatanie jest zalezne od
homeostazy Cu i Zn. Zmiany w genach kodujacych MT oraz SOD moga wplywac
rowniez na stgzenie Cu i Zn w trzustce. Zatem, W niniejszej pracy przeprowadzono
nastepujace badania:

1) zbadano stezenie hs-CRP i IL-6 jako markerdéw stanu zapalnego,

2) oznaczono st¢zenie malondialdehydu (MDA) jako markera stresu oksydacyjnego,
3) zbadano poziom niskoczasteczkowych antyoksydantow — TAC,

4) oznaczono stezenie metali: Cu, Zn i Cd,

5) oznaczono stezenie MT1/2 jako biatka wiazgcego metale (Cu, Zn, Cd),

6) zmierzono stgzenia i aktywnos$ci izoenzymow SOD.

W niniejszej pracy podjeto takze probe oceny wplywu polimorfizmow:
rs11640851 w genie MT1A, rs964372 w genie MT1B, rs10636 w genie MT2A na
stezenie Cu, Zn, MT oraz aktywnos¢ catkowita SOD. Ponadto, dokonano analizy wplywu
SNP 152070424 w genie SOD1 na stezenie Cu, Zn oraz stgzenie 1 aktywno$¢ izoenzymow
SOD (SOD1, SOD2, SOD3). Wyzej wymienione parametry byly oznaczane w
srodowisku wewnatrzkomorkowym (lizat erytrocytarny) i zewnatrzkomorkowym
(osocze).

Materialem badanym byla krew zylna pobrana od 92 oso6b zdrowych w wieku

20-30 lat, 51 osob zdrowych w wieku 30-70 lat oraz 40 pacjentow z OZT.



Na przeprowadzenie badan uzyskano zgode Komisji Bioetycznej Uniwersytetu
Medycznego im. Piastow Slaskich we Wroctawiu (nr KB 215/2020, KB 529/2018 oraz
KB 592/2013). Badang populacj¢ podzielono ze wzgledu na ple¢ oraz ekspozycje na
ksenobiotyki dymu tytoniowego, ktorg zweryfikowano przez oznaczenie stgzenia
kotyniny we krwi — metabolitu nikotyny.

W grupie zdrowych kobiet zaobserwowano nizsze stezenie Zn oraz wzrost
warto$ci wspotczynnika Cu/Zn w poréwnaniu do m¢zczyzn. We krwi osob w wieku
30-70 lat odnotowano znacznie wyzsze stezenie kadmu w porownaniu do 0sob w wieku
20-30 lat. Dodatkowo, w grupie 0s6b zdrowych (zarowno w wieku 20-30 jak i 30-70 lat)
oraz pacjentow z OZT narazonych na ksenobiotyki dymu tytoniowego wykazano wzrost
stezenia kadmu w poréwnaniu do 0oséb nienarazonych. We krwi palacych 0s6b zdrowych
w wieku 20-30 lat oraz pacjentow z OZT zaobserwowano nizsze stezenie Zn
W porownaniu z osobami niepalgcymi. W grupie pacjentow z OZT wykazano wzrost
stezenia Cu, spadek stezenia Zn oraz wzrost wartoSci wspotczynnika Cu/Zn
w porownaniu do 0s6b zdrowych. Ponadto, we krwi pacjentow z OZT wykazano wzrost
stezenia markeréw stanu zapalnego, takich jak hs-CRP i IL-6 oraz zwig¢kszone stezenie
MDA, jako markera stresu oksydacyjnego, oraz wartosci TAC w poroéwnaniu do 0s6b
zdrowych. W lizacie erytrocytarnym pacjentow z OZT zaobserwowano wyzsze st¢zenia
MT, SOD2 i zwigkszong aktywnos¢ Mn-SOD w pordéwnaniu do osob zdrowych w wieku
30-70 lat. Ponadto, w osoczu pacjentéw z OZT odnotowano wzrost stezenia SODI1
I nizsze stezenia SOD2 i SOD3 w zestawieniu z osobami zdrowymi. Dodatkowo
wykazano nizszg aktywnos¢ Mn-SOD, SODs i Cu/Zn- SOD w osoczu pacjentow z OZT
w porownaniu do os6b zdrowych.

We krwi palacych pacjentow z OZT z genotypem CA zaobserwowano nizsze

stezenie Zn W porownaniu do pacjentow z genotypami AA i CC dla SNP rs11640851



w genie MT1A. Ponadto, zaobserwowano wyzsze stezenie Cd we krwi oso6b zdrowych
z genotypem AA w poréwnaniu do 0s6b z genotypami CA i CC dla wyzej wymienionego
polimorfizmu. Dodatkowo odnotowano wyzsze stezenia Cu i Cd we krwi zdrowych
kobiet z genotypem AA w porownaniu do kobiet z genotypem CA i CC dla SNP
rs11640851 w genie MT1A. Analiza polimorfizmu rs964372 w genie MT1B wykazata
wyzsze stezenie MT w lizacie erytrocytarnym oséb zdrowych z genotypem GG
w porownaniu do 0sob z tej grupy z genotypem CC. Ponadto, odnotowano nizsze st¢zenie
Zn we krwi palacych pacjentow z OZT z genotypem GC, czemu towarzyszyto wyzsze
stezenie hs-CRP w poréwnaniu do palagcych pacjentow z genotypem CC dla
polimorfizmu rs10636 w genie MT2A. Zaobserwowano wzrost stgzenia MT w lizacie
erytrocytarnym pacjentow z OZT z genotypem GG w poréwnaniu do oséb z tej grupy
z genotypem CC dla SNP rs10636 w genie MT2A. Wykazano zwigkszong aktywno$¢
catkowitag SOD oraz Cu/Zn SOD w osoczu w grupie osob zdrowych z genotypem AG
w porownaniu do os6b z genotypem AA dla SNP rs2070424 w genie SOD1.
Podsumowujac, w niniejszej pracy wykazano, ze wraz z wiekiem obserwuje si¢
wzrost kumulacji kadmu w organizmie. Wzrost st¢zenia Cd, ktérego zrodlem jest
narazenie na ksenobiotyki dymu tytoniowego przyczynia si¢ do spadku st¢zenia Zn oraz
wzrostu wartosci wspotczynnika Cu/Zn. Przebieg OZT jest zwigzany z zaburzeniem
homeostazy Zn i Cu, co skutkuje wzrostem wspotczynnika Cu/Zn i nasileniem procesu
zapalnego. Znaczacy wzrost wewnatrzkomorkowego stezenia SOD1 w osoczu pacjentow
z OZT dowodzi istotnej roli tego izoenzymu w neutralizacji stresu oksydacyjnego
wywolanego przez zaburzenie homeostazy Cu i Zn. Obecnos$¢ zwiekszonego stezenia MT
1 SOD2 w erytrocytach pacjentow z OZT w poréwnaniu do 0sob zdrowych potwierdza
wazng funkcje tych antyoksydantow w obronie antyoksydacyjnej. Osoby zdrowe oraz

pacjenci z OZT z genotypem AA w genie MT1A dla SNP rs11640851 sg najbardziej



wrazliwi na dziatanie ksenobiotykow dymu tytoniowego, o czym $wiadczy wzrost
stezenia Cd we krwi. Wystgpowanie genotypu CA w genie MT1A dla SNP rs11640851
odgrywa wazng role¢ w zaburzeniu homeostazy Zn u pacjentow z OZT, zwlaszcza
palacych papierosy. Polimorfizm rs964372 w genie MT1B jest zwigzany ze wzrostem
stezenia MT w lizacie erytrocytarnym pacjentow z OZT z genotypem GG. Obecno$é
genotypu GC dla SNP rs10636 w genie MT2A predysponuje do znacznego obnizenia
stezenia Zn w osoczu palacych pacjentéw z OZT, co przyczynia si¢ do nasilenia proceséw
prozapalnych. Obecno$é¢ genotypu AG dla SNP rs207024 w genie SOD1 w grupie osob
zdrowych  jest zwigzana ze  wzrostem  aktywno$ci  catkowitej  SODs
(SOD1+SOD2+SOD3) oraz Cu/Zn-SOD (SOD1+SOD3) w osoczu. Badane
polimorfizmy rs11640851 w genie MT1A, rs964372 w genie MT1B, rs10636 w genie
MT2A oraz rs2070424 w genie SOD1 wydajg si¢ by¢ istotnym czynnikiem w utrzymaniu

homeostazy organizmu w warunkach zwigkszonego narazenia na stres oksydacyjny.



Abstract

The pancreas is an organ with a poor antioxidant system. The decrease in Zn
concentration and increased Cu level result in an intensification of oxidative stress and
a pro-inflammatory effect. The oxidative stress in the course of pancreatitis is additionally
exacerbated by free radicals induced by the exposure to tobacco smoke xenobiotics.
The neutralization of oxidative stress is depended on the functioning of antioxidants, such
as MT and SOD, which the antioxidant effects are associated with Cu and Zn
homeostasis. Changes in the genes encoding MT and SOD can also have an influence on
the Cu and Zn concentrations in the pancreas. Thus, in this study the following
determinations were carried out:
1) the concentration of hs-CRP and IL-6 as markers of inflammation,
2) the concentration of malondialdehyde (MDA) as a marker of oxidative stress,
3) the level of low molecular weight antioxidants - TAC,
4) the concentration of metals: Cu, Zn and Cd,
5) the concentration of MT1/2 as a metal binding protein (Cu, Zn, Cd),
6) the concentrations and activities of SOD isoenzymes.

In this study, the influences of polymorphisms: rs11640851 in the MT1A gene,
rs964372 in the MT1B gene, rs10636 in the MT2A gene on the concentration of Cu, Zn,
MT and total SOD activity were also assessed. Moreover, the influence of SNP rs2070424
in the SOD1 gene on the concentration of Cu, Zn and the concentrations and activities
of SOD isoenzymes (SOD1, SOD2, SOD3) were analyzed. The above-mentioned
parameters were determined in the intracellular (erythrocyte lysate) and extracellular
(plasma) environment.

The biological material was venous blood collected from 92 healthy subjects in

aged 20-30, 51 healthy people in aged 30-70 and 40 the patients with acute pancreatitis



(AP). The research was approved by the Bioethics Committee of the Wroctaw Medical
University (no. KB 215/2020, KB 529/2018 and KB 592/2013). The study population
was divided according to gender and exposure to tobacco smoke xenobiotics, what was
verified by determining the blood concentration of cotinine - a nicotine metabolite.

In the group of healthy women, a lower Zn concentration and higher value of the
Cu/Zn ratio compared to healthy men was observed. In the blood of people in aged
30-70, the Cd concentration was significantly higher compared to people in aged 20-70.
Additionally, in the group of smoking healthy subjects (in both, 20-30 and 30-70 years
old) and AP patients, an increase in Cd concentration compared to non-smokers was
shown. A lower Zn concentration was observed in the blood of smoking healthy subjects
in aged 20-30 and AP patients compared to non-smokers. In the group of AP patients,
an increase in Cu concentration, a decrease in Zn concentration and an increased the value
of the Cu/Zn ratio compared to healthy subjects were demonstrated. Moreover, in the
blood of AP patients compared to heathy subjects an increase in the concentrations
of inflammatory markers, such as hs-CRP and IL-6, an increase in MDA concentration -
a marker of oxidative stress, and an increase in the value of TAC were shown. In the
erythrocyte lysate of AP patients were observed a higher concentrations of MT and SOD2
and increased Mn-SOD activity compared to healthy subjects in aged 30-70. Moreover,
in the plasma of AP patients, an increase in the SOD1 concentration and lower
concentrations of SOD2 and SOD3 in comparison with healthy subjects were noticed.
Additionally, it was shown a lower activity of Mn-SOD, SODs and Cu/Zn-SOD in the
plasma of AP patients compared to healthy subjects.

In the blood of smoking AP patients with the CA genotype, a lower concentration
of Zn compared to the AP patients with the AA and CC genotypes for the rs11640851

SNP in the MT1A gene was observed. Moreover, in the blood of healthy subjects with



the AA genotype was observed higher Cd concentration compared to those with the CA
and CC genotypes for this polymorphism. Additionally, an increased Cu and Cd
concentrations in the blood of healthy women with the AA genotype compared to women
with the CA and CC genotype for the rs11640851 SNP in the MT1A gene were noted.
The analysis of the SNP rs964372 in the MT1B gene was shown an elevated MT
concentration in the erythrocyte lysate of healthy subjects with the GG genotype
compared to those with the CC genotype. In addition, it was noted a decrease in the Zn
concentration accompanied by a higher hs-CRP concentration in the blood of smoking
AP patients with the GC genotype compared to smoking AP patients with the CC
genotype for the rs10636 polymorphism in the MT2A gene. An increase in MT
concentration in the erythrocyte lysate of patients with AP with the GG genotype in
comparison to those with the CC genotype for the rs10636 SNP in the MT2A gene was
shown. In group of healthy subjects with the AG genotype were demonstrated an
increased plasma total SOD activity and Cu/Zn-SOD activity compared to healthy
subjects with the AA genotype for SNP rs2070424 in the SOD1 gene.

In conclusion, in this study was shown that Cd accumulation in the organism
increases with the age. An increase in the Cd concentration, the source of that is exposure
to tobacco smoke xenobiotics, contributes to the decrease in the Zn concentration and an
increase in the value of the Cu/Zn ratio. The course of acute pancreatitis is related to the
disturbance of Zn and Cu homeostasis, which results in an increase in the Cu/Zn ratio and
the intensification of inflammatory process. The significant increase in the intracellular
SOD1concentration in the plasma of AP patients proves the important role of this
isoenzyme in the neutralization of oxidative stress caused by the disturbance of Cu and
Zn homeostasis. The presence of an increased concentration of MT and SOD?2 in the

erythrocytes of AP patients compared to healthy subjects confirms the important role



of these antioxidants in the antioxidant defense. Healthy subject and AP patients with the
AA genotype in the MT1A gene for SNP rs11640851 are the most sensitive to the toxic
effects of tobacco smoke xenobiotics, as evidenced by the increase in the blood Cd
concentration. The presence of the CA genotype in the MT1A gene for SNP rs11640851
plays an important role in the disturbance of Zn homeostasis, especially in the group
of smoking AP patients. The SNP rs964372 in the MT1B gene is associated with the
increased MT concentration in the erythrocyte lysate of AP patients with the GG
genotype. The presence of the GC genotype for SNP rs10636 in the MT2A gene
predisposes to a significant decrease in the plasma Zn concentration in the group
of smoking AP patients, which contributes to the intensification of pro-inflammatory
processes. The presence of the AG genotype for SNP rs207024 in the SOD1 gene in the
group of healthy subject is associated with an increase in the total activity of SODs
(SOD1 + SOD2 + SOD3) and Cu/Zn-SOD (SOD1 + SOD3) in plasma. The investigated
polymorphisms: rs11640851 in the MT1A gene, rs964372 in the MT1B gene, rs10636
in the MT2A gene and rs2070424 in the SOD1 gene seem to be an important factor

in maintaining the homeostasis of organism during oxidative stress conditions.



